T-helper (Th) cells are considered critical for controlling chronic human immunodeficiency virus type 1 (HIV-1) infection (34) , yet HIV-1-specific Th responses, particularly to the virus envelope, are lacking in most HIV-1-infected individuals (33) . Even among the exceptional long-term nonprogressors who exhibit vigorous virus-specific lymphoproliferation, the CD4 T-cell responses are usually directed to the gag or other internal virus antigens, while Th responses to the envelope glycoproteins are much poorer or undetectable (33) . Because the envelope glycoproteins are the critical target antigens for antibody (Ab)-mediated neutralization of the virus (44) , the absence of envelope-specific Th responses in HIV-infected patients could seriously diminish the capacity of patients to elicit and maintain virus-neutralizing Ab responses, especially in the face of the continuous emergence of variant viruses during chronic HIV-1 infection. Indeed, using the murine model of chronic lymphocytic choriomeningitis virus infection, Ciurea et al. (5) provide evidence that the lack of CD4 T-cell responses during persistent virus infection leads to the failure of infected hosts to elicit effective Ab responses against emerging neutralization-escape mutants.
Multiple factors may contribute to the poor envelope-specific Th responses in HIV-infected patients, such as preferential infection and consequent destruction or dysfunction of HIV-1-specific CD4 T cells by the virus (9) , rich glycosylation of the envelope glycoproteins which interferes with the processing and generation of T-cell epitopes (1, 36, 40) , and high mutation rates of the envelope gene allowing rapid emergence of escape or antagonistic mutations (10, 25) . Earlier studies identified a novel factor contributing to the abrogation of glycoprotein 120 (gp120)-specific CD4 T-cell responses, namely, Abs to the CD4-binding domain (CD4bd) of gp120 (17, 18) . In the presence of these Abs, CD4 T-cell responses to various gp120 epitopes, including those distant from the CD4bd, are prevented. The inhibitory activity was observed in vitro with human anti-CD4bd monoclonal Abs (MAbs) as well as with polyclonal serum immunoglobulin G (IgG) from chronically HIV-1-infected patients who produce anti-CD4bd Abs. Importantly, Abs to other gp120 regions do not exhibit this activity. Although the effect of anti-CD4bd Abs in vivo has not been fully explored, recent findings show a significant correlation between the lack of these inhibitory Abs and the presence of envelope-specific lymphoproliferation in a few exceptional HIV-1-infected patients and a correlation with a delay or absence of disease progression (2, 3) , implicating these Abs in undermining anti-HIV-1 immunity and promoting virus-mediated pathogenesis.
The exact mechanisms by which anti-CD4bd Abs prevent CD4 T-cell responses to gp120 have not been defined, although data from previous studies rule out a number of possibilities. These Abs do not affect the CD4 T cell directly and do not alter the overall functions of the antigen-presenting cells (APCs), as evidenced by the fact that T-cell responses to other antigens of HIV-1, mycobacteria, and cytomegalovirus are not diminished in the presence of anti-CD4bd Abs (17, 18) . Notably, formation of the gp120/anti-CD4bd Ab complexes is essential for the inhibitory activity, and the complexes must be present during antigen pulsing of APCs (18) , indicating that these Abs, when forming complexes with gp120, affect gp120 antigen uptake or processing by APCs for subsequent major histocompatibility complex (MHC) class II presentation to cognate CD4 T cells. The capacity of Abs to alter antigen processing has been well documented in the literature. Earlier studies with model antigens, such as ␤-galactosidase, cytochrome c, and tetanus toxoid demonstrated that Abs can affect the conformation and stability of antigens (28) and protect antigenic sites from proteolytic digestion (8, 20) , resulting in abrogation of T-cell responses to certain epitopes while causing enhancement or no effect on the responses to other epitopes (26, 39, 43) . Corradin and Engers (7) also showed that the proliferation of T-cell clones specific for apo-cytochrome c is blocked by a MAb directed to that particular antigen. In the case of HIV-1 gp120, the binding of Abs to the receptorbinding sites has been reported to induce substantial conformational rearrangement of the gp120 core structure, accompanied by unusually large thermodynamic changes that render the gp120 molecule more rigid and resistant to degradative enzymes, such as endoglycosidase H (24) .
The present study examines whether anti-CD4bd Abs affect gp120-specific CD4 T-cell responses by interfering with gp120 proteolytic processing necessary for MHC class II antigen presentation to CD4 T cells. An in vitro proteolysis assay was developed to compare quantitatively and qualitatively the proteolytic digestion of gp120 complexed with anti-CD4bd MAbs with that of uncomplexed gp120 or gp120 bound by other anti-gp120 MAbs. We also evaluated the proteolytic digestion of gp120 pretreated with serum IgG from HIV-positive patients with different anti-CD4bd Ab titers. This study describes a novel HIV immune evasion mechanism by which virus-specific Abs generated during infection undermine the T-cell immunity necessary to help control the infection.
MATERIALS AND METHODS
HIV envelope antigens. Recombinant low-endotoxin-grade HIV-1 gp120 IIIB and gp120 JRFL (Progenics) were obtained commercially and as a generous gift through the AIDS Research and Reference Reagent Program, Division of AIDS, National Institute of Allergy and Infectious Diseases (NIAID), National Institutes of Health (NIH). Recombinant endotoxin-free HIV-1 gp120 of subtype C primary isolate 93MW959 (GenBank no. U08453) (11) and subtype B primary isolate TH14-12 (GenBank no. U08801) (11) were produced in Chinese hamster ovary cells and purified as described previously (4, 29 (21, 27) , MAb 694/98-D recognizes an epitope in the V3 loop (14, 16) , and MAb 697-D recognizes the V2 loop (15) . MAb 860-55D, which recognizes the parvovirus B19 VP2 antigen (12) , was used as a negative control.
Serum IgG from six chronically HIV-infected individuals and an HIV-negative control were purified on protein G columns (Amersham Biosciences), and antiCD4bd Ab titers were determined using a previously described enzyme-linked immunosorbent assay (3) . Statistical analyses were performed using unpaired t test (GraphPad Prism).
T-cell lines. HIV-1 gp120-specific CD4 T-cell lines PS02 and PS04 were generated from peripheral blood mononuclear cells of chronically infected HIV-1 patients following multiple rounds of in vitro stimulation with gp120 IIIB for PS02 (6) Lysosomal fraction preparation. Lysosomal fractions were prepared from B lymphoblastoid cell lines according to the published protocol (38) . Briefly, 400 to 600 million B-lymphoblastoid cells were suspended in 5 ml of fractionation buffer (10 mM Trizma Base, acetic acid [pH 7], 250 mM sucrose) and homogenized with a 5-ml Potter-Elvehjem homogenizer with a 60-m gap. Cell lysate was centrifuged at 2,000 ϫ g for 2 min and at 4,000 ϫ g for 2 min to remove the cell debris, plasma membrane, and nucleus. The supernatant was then centrifuged at 100,000 ϫ g for 2 min to pellet the mitochondria, endosomes, and lysosomes. The lysosomes were hypotonically lysed with 0.5 ml of distilled deionized H 2 O for 10 min, while the endosomes and mitochondria were removed by another ultracentrifugation step. Each lysosomal preparation was verified for the presence of cathepsin D as assessed in Western blot with an anti-cathepsin D Ab (Accurate Chemical). The lysosomal fraction was kept frozen at Ϫ20°C until use.
Proteolysis assay. Immune complexes were formed with gp120 and anti-gp120 MAbs at a molar MAb/antigen ratio of 2 to 1 or with gp120 and purified serum IgG at a molar IgG/antigen ratio of 80 to 1 for 2 to 3 h at 37°C, and they were subsequently incubated with a mixture of purified human cathepsins B, D, and L (Sigma) (0.2 to 0.4 U ml Ϫ1 each) or with the lysosomal fraction (8.3 million cell equivalents per g of gp120) overnight at 37°C in 0.08 M sodium acetate buffer at pH 5. The digestion products were analyzed on 10% sodium dodecyl sulfate (SDS)-polyacrylamide gels in either nonreducing or reducing (with 100 mM dithiothreitol) conditions, followed by Coomassie staining (37) or Western blot analysis. Gp120 and its fragments were detected with sheep or goat anti-gp120 antiserum (obtained through the AIDS Research and Reference Reagent Program, Division of AIDS, NIAID, NIH) followed by human serum proteinadsorbed alkaline phosphatase-conjugated rabbit anti-sheep IgG (Zymed) or anti-goat IgG (Sigma) and 5-bromo-4-chloro-3-indolylphosphate-nitroblue tetrazolium substrate (KPL).
T-cell proliferation assay. T-cell-proliferative responses to recombinant gp120 and AT-2-inactivated virions were assessed by [ 3 H]thymidine uptake as previously described (3, 17, 18) . Briefly, recombinant gp120 or diluted AT-2-inactivated virions were incubated alone or with Abs at the designated concentrations for 3 h at 37°C. The autologous B-lymphoblastoid cells (10 5 cells per well) that had been mitomycin C-treated (0.1 mg ml Ϫ1 ) and irradiated (9,000 rads) were added and allowed to process the antigens overnight. T-cell lines (2 ϫ 10 4 cells per well) were subsequently added and incubated for 2 days. T cells were then pulsed with [ 3 H]thymidine (Perkin Elmer) for 16 to 20 h and harvested. To assess the T-cell response to the gp120 epitopes released following in vitro proteolysis, B-lymphoblastoid cells were first treated with 0.1 mM chloroquine for 5 min at 37°C and then with 0.5% paraformaldehyde for 5 min at room temperature to prevent endocytosis and antigen processing. These fixed APCs were then used in the [ 3 H]thymidine uptake assay as described above.
RESULTS
The presence of anti-CD4bd MAbs diminished T-cell-proliferative responses to gp120 of different HIV-1 isolates. AntiCD4bd MAbs, when forming complexes with gp120, prevent T-cell responses to the gp120 antigen (17, 18) . This suppressive effect was noted previously on the responses to gp120 from T-cell line-adapted HIV-1 strains, such as IIIB, MN, and SF2, as well as gp120 from a low-passage Dutch isolate, W61D. In the present study we examined whether these Abs also affected the T-cell responses to gp120 of CCR5 (R5)-tropic or clinical isolates of HIV-1 subtypes B or non-B. Recombinant gp120 with sequences of HIV-1 JRFL, TH14-12 (subtype B), and 93MW959 (subtype C), as well as of HIV-1 IIIB, were tested. CD4 T-cell lines specific to each of these gp120 antigens were generated from peripheral blood mononuclear cells of HIVinfected subjects by repeated rounds of in vitro antigen stimulation (6) . The presence of the human anti-CD4bd MAb 654-D reduced the T-cell proliferation to each of the gp120 antigens tested in a dose-dependent manner (Fig. 1) . Consistent with previous findings (17), significant loss of response (Ͼ75%) was achieved when the ratio of Ab/gp120 is Ն1, indicating that the immune complex formation of the Ab and gp120 was necessary to mediate the inhibition. The inhibitory activity was also observed with other anti-CD4bd MAbs tested, but MAbs to other gp120 domains, such as anti-C5 MAbs 450-D and 670-D, did not cause any inhibition ( Fig. 1 and references (17, 18) .
We also examined the effect of the anti-CD4bd MAbs on T-cell responses to native gp120 expressed on HIV-1 virions. The proliferation of a gp120-specific CD4 T-cell line was measured in response to purified AT-2-inactivated HIV-1 IIIB virions in the presence of the human anti-CD4bd MAb 559/ 64-D or 654-D, anti-C5 MAb 450-D, or no MAb. In these experiments, the MAbs were used at a constant concentration of 10 g ml Ϫ1 , which was in vast excess relative to the amounts of gp120 present in the diluted virion samples (2.85 to 0.285 ng ml Ϫ1 ). However, because the exact amounts of gp120 trimers expressed on the virion surface and the stoichiometry for the interaction of anti-CD4bd Abs with trimeric gp120 are not known, various dilutions of the inactivated IIIB virions were examined. Similar to the results obtained with recombinant gp120, the anti-CD4bd MAbs (559/64-D and 654-D) completely prevented T-cell proliferation, whereas the anti-C5 MAb 450-D did not (Fig. 2) . The results of these experiments clearly showed that the anti-CD4bd Abs exerted a suppressive effect on T-cell responses to recombinant gp120 of R5-and CXCR4 (X4)-tropic isolates from different HIV-1 subtypes as well as to native, virion-associated gp120.
The binding of anti-CD4bd MAbs to gp120 increased the resistance of gp120 to proteolysis by lysosomal enzymes. Data from previous studies suggest that anti-CD4bd MAbs prevent T-cell responses to gp120 by interfering with gp120 antigen presentation. However, the steps in the MHC class II antigen processing and presentation pathway affected by these Abs have not been determined. A recent report by Kwong et al. demonstrates that the binding of gp120 by most anti-CD4bd MAbs induces unusually large thermodynamic changes in the gp120 core structure, resulting in an increased resistance of gp120 to a deglycosylating enzyme (24) . This resistance to deglycosylation and potentially to proteolytic or other degradative enzymes is associated with the alteration of gp120 structural conformation or folding induced by the anti-CD4bd MAbs. Hence, in this study we examined whether the binding of anti-CD4bd MAbs would render the gp120 molecule more resistant to proteolytic digestion by a combination of cathepsins B, D, and L; these cathepsins represent some of the abundant lysosomal proteases in APCs involved in MHC class II antigen processing (19, 42) .
To this end, an in vitro proteolysis assay was set up in which gp120 alone or gp120 complexed with the anti-CD4bd MAb 654-D or the anti-C5 MAb 450-D was incubated for 18 to 24 h at 37°C with a mixture of purified cathepsins B, D, and L at pH 5. The degree of gp120 proteolytic digestion was determined by assessing the amounts of intact gp120 remaining as detected in the SDS-polyacrylamide gel electrophoresis (PAGE) gel by Coomassie blue staining and by Western Blot. gp120 complexed with the anti-CD4bd MAb 654-D was not efficiently digested compared to uncomplexed gp120 or gp120 complexed to the anti-C5 MAb 450-D (Fig. 3A) . This pattern was observed with gp120 from both the JRFL and IIIB strains. The relative intensity of the 120-kDa bands was calculated from the densitometry of the Coomassie blue-stained gel (Fig. 3B) .
We subsequently compared fragmentation patterns of the Ϫ1 and was tested at 1:1,000, 1:3,000, and 1:10,000 dilutions, while each of the MAbs was used at a fixed concentration of 10 g ml (Fig. 4) . Only when analyzed under reducing conditions does it become evident that digestion of gp120/anti-CD4bd Ab complexes cleaved the gp120 molecule, albeit producing only two prominent bands of 85 and 54 kDa. In contrast, gp120 alone or gp120 complexed with anti-C5 MAb 450-D, anti-V3 MAb 694/ 98-D, anti-V2 MAb 697-D, or incubated with an irrelevant MAb (anti-parvovirus MAb 860-55D) was cleaved into more fragments of diverse molecular sizes. It should also be noted that the cathepsin digestion of each of the gp120/MAb complexes resulted in a unique fragmentation pattern, which was dependent on the fine specificity of the anti-gp120 MAbs used to form the immune complexes. Taken together, these data indicate that the proteolytic digestion of gp120 complexed with anti-CD4bd MAbs resulted in distinct and more limited fragmentation than that of uncomplexed gp120 or gp120 bound by other anti-gp120 MAbs. Proteolytic digestion of gp120/anti-CD4bd Ab complexes by lysosomal enzymes failed to release peptide epitopes recognized by gp120-specific CD4 T cells. APCs most likely express and utilize a larger set of tissue-specific endosomal or lysosomal proteases for antigen processing than the particular purified cathepsins we examined (31) . Hence, we examined the fragmentation of gp120 and gp120 complexed with the different anti-gp120 MAbs following digestion by lysosomal enzymes isolated from the EBV-transformed B-lymphoblastoid cells that we routinely used as APCs to induce proliferation of our gp120-specific CD4 T-cell lines. Similar to the digestion patterns observed with the purified cathepsins (Fig. 4) , gp120 complexed with anti-CD4bd MAbs 654-D or 559/64-D also appeared to be less efficiently digested by lysosomal enzymes than gp120 alone or gp120 complexed with the other MAbs tested (Fig. 5A) . A limited fragmentation of the gp120 molecules, with a distinct pattern, was apparent when the digestion products of gp120/anti-CD4bd Ab complexes were analyzed under reducing conditions (Fig. 5A) . Notably, fragments with molecular sizes ranging from 75 to 100 kDa seen in digestion products of uncomplexed gp120 and gp120 bound by other anti-gp120 MAbs were not generated efficiently upon the digestion of gp120/anti-CD4bd Ab complexes. These differences remained apparent when the digestion time was increased from overnight up to 51 h (data not shown). However, in agreement with the T-cell proliferation data, the extent of digestion was dependent on the ratio of MAb to gp120; at a MAb/gp120 ratio of 1:2, the digestion of the gp120/654D complex resembled more that of uncomplexed gp120, while at MAb/gp120 ratios of 2:1 or 5:1 in which the antibody is in excess, the digestion was significantly altered (Fig. 5B) .
While the Western blot analyses demonstrated a striking alteration in the proteolysis of gp120/anti-CD4bd Ab complexes, these analyses did not allow the detection of the relatively small and specific gp120 peptide fragments that are recognized by the gp120-specific CD4 T cells. To address this issue, the digestion products were used to pulse fixed B-lymphoblastoid cells, and these cells were evaluated for their ability to stimulate the proliferation of an autologous gp120-specific CD4 T-cell line. For a positive control, fixed APCs were treated with a synthetic gp120 peptide ( 206 PKISFEPIPIHY CAPAGFAI 225 ) encompassing a dominant epitope in the C2 domain recognized by T-cell line PS02 (Fig. 5C ). As anticipated, fixed APCs treated with intact undigested gp120 induced a very poor response, indicating the requirement of gp120 antigen processing for efficient presentation to these CD4 T cells. Also as expected, the T-cells responded vigorously to fixed APCs treated with lysosomal enzyme-digested gp120. However, the APCs treated with digestion products of gp120/anti-CD4bd Ab complexes stimulated T-cell proliferation poorly compared to the cells treated with digested gp120 or with digestion products of the other gp120/Ab complexes. Altogether, these results indicate that, when bound by antiCD4bd Abs, gp120 became more resistant to enzymatic degradation by proteases present in the lysosomes of APCs. Consequently, proteolytic digestion of the gp120/anti-CD4bd Ab complexes, unlike digestion of the other gp120/Ab complexes, did not generate gp120 peptides that can be presented by MHC class II molecules to the CD4 T cells. Hence, T-cell responses to gp120 were not stimulated in the presence of anti-CD4bd Abs.
Gp120 treated with HIV-positive serum IgG containing high levels of anti-CD4bd Abs was more resistant to proteolytic Resistance of recombinant gp120 IIIB to lysosomal enzyme digestion was dependent on the amount of anti-CD4bd MAbs. gp120 IIIB (1 g) was treated with various amounts of anti-CD4bd MAb 654-D and was digested with lysosomal enzymes. The reaction products were analyzed by Western blot as described above. (C) The release of T-cell epitopes from digested gp120 or gp120/MAb complexes was also examined by measuring the proliferative response of the gp120-specific CD4 T-cell line PS02 to fixed autologous EBV-transformed B cells pretreated with the digestion products and used as APCs. The responses of the T cells to APCs pulsed with a C2 peptide representing the T-cell epitope and with undigested gp120 were also measured for control. Representative data of two independent T-cell assays are shown.
VOL. 78, 2004
BLOCKAGE OF HIV-1 ANTIGEN PROCESSING BY ANTIBODIESdegradation by lysosomal enzymes than uncomplexed gp120 or gp120 treated with serum IgG with low levels of anti-CD4bd Abs. We next sought to determine whether, similar to the anti-CD4bd MAbs, polyclonal Abs from HIV-positive subjects also affect proteolytic degradation of gp120 by lysosomal enzymes. IgG was purified from sera of three HIV-1-positive progressors who either succumbed to AIDS or required antiretroviral therapy (P1, P2, and P3) and from sera of three HIV-positive long-term nonprogressors who showed no clinical signs of AIDS after more than 10 years of infection without antiretroviral drugs (NP1, NP2, and NP3). The progressors have high titers of anti-CD4bd Abs (50% inhibitory dose [ID 50 ] of 16,700 to 31,500), whereas the nonprogressors have undetectable levels of these Abs (ID 50 of Ͻ125) (P Ͻ 0.005; Table 1 ). These titers are consistent with previous data showing that anti-CD4bd Ab titers of HIV-1-positive rapid or slow progressors are significantly higher than in those of long-term nonprogressors (2, 3). gp120 alone or gp120 mixed with serum IgG was incubated for 18 to 24 h at 37°C with lysosomal enzymes and was analyzed by Western blot as described above. gp120 incubated with IgG from the three HIV-positive progressors was more resistant to degradation, whereas gp120 treated with IgG from the three HIV-positive nonprogressors or from an HIV-negative subject was more readily degraded to generate gp120 fragments of 75 kDa and lower (Fig. 6) .
The effect of serum IgG from HIV-positive individuals with high serum anti-CD4bd Ab titers on gp120 proteolysis was also consistent with the diminished gp120 presentation to CD4 T cells. Hence, in the presence of IgG from the progressors, T-cell-proliferative response to gp120 was reduced to 9 to 49% and was significantly different from the response to gp120 in the presence of IgG from nonprogressors (P ϭ 0.0085) ( Table  1) . IgG from nonprogressors, similar to the HIV-negative IgG control, did not affect T-cell proliferation (Ͼ83%). Although only a limited number of samples were tested here, the data clearly demonstrated an association between the levels of antiCD4bd Abs in serum of HIV-positive subjects and the capacity of these serum Abs to block gp120 proteolysis and therefore to block the subsequent presentation of gp120 epitopes to specific CD4 T cells.
DISCUSSION
HIV-1 gp120 antigens complexed with anti-CD4bd MAbs fail to elicit gp120-specific CD4 T-cell-proliferative responses, while MAbs to other gp120 domains do not exhibit this activity. This phenomenon is observed with recombinant gp120 antigens from X4-and R5-tropic HIV-1 isolates of B or non-B subtypes as well as with native gp120 associated with HIV-1 virions. Previous studies have also demonstrated that the effect of anti-CD4bd Abs has widespread effects, eliminating the responses of different CD4 T-cell lines specific for epitopes located in various gp120 regions, such as C1, C2, V2, and V3 (17) . The present study aimed to define the underlying mechanisms by which anti-CD4bd Abs affect T-cell responses to gp120.
Abs are known to modulate T-cell responses to the specific antigens by facilitating antigen uptake via Fc receptors and by protecting epitopes from proteolytic processing in the APCs. This has been documented with model antigens, such as tetanus toxoid and ␤-galactosidase (26, 43) . In this study, we provide the first evidence that Abs produced during HIV infection, specifically anti-CD4bd Abs, have the capacity to disturb the proteolytic processing of exogenous gp120 antigens by lysosomal enzymes from APCs, such that gp120 peptides are not efficiently released and presented to Th cells by MHC class II molecules. However, unlike Abs specific for tetanus toxoid, apo-cytochrome c, or ␤-galactosidase, which affect the processing of only certain epitopes directly contacted by the respective Abs, anti-CD4bd Abs appear to globally affect the proteolysis of the entire gp120 protein. Figure 4 clearly shows that after proteolytic digestion of gp120 and anti-CD4bd Ab complexes, gp120 molecules are cleaved only to produce a limited set of prominent fragments of Ͼ50 kDa, which with intact disulfide bonds comprise part of the 120-kDa molecules remaining after enzymatic treatment. More importantly, the digestion of these complexes fails to release a T-cell epitope in the C2 domain of gp120, even though this C2 region is not part of the Ab binding site in the CD4-binding domain. Hence, it is unlikely that the protection of the T-cell epitope is due to direct shielding of specific T-cell epitopes by the anti-CD4bd Abs. Rather, we surmise that the capacity of anti-CD4bd Abs to increase resistance of gp120 to proteolysis is likely due to the induction of FIG. 6 . Proteolysis of gp120 and gp120 treated with HIV-positive IgG by lysosomal enzymes. Recombinant gp120 IIIB was mixed with serum IgG from HIV-positive progressors (P1, P2, and P3), nonprogressors (NP1, NP2, and NP3), or an HIV-negative subject (NG) and then was digested with lysosomal enzymes extracted from EBV-transformed B cells. The reaction products were run on SDS-PAGE under nonreducing and reducing conditions and were stained after Western blotting with an anti-gp120 MAb. A representative blot of at least two independent experiments is shown. (24, 30) . Indeed, these thermodynamic changes seem to make the gp120 molecule a more rigid and resistant substrate for degradative enzymes, including endoglycosidase H, and as shown here, cathepsins. Such changes would broadly affect the proteolysis of gp120 regardless of the cleavage sites in the gp120 protein. This mechanism is consistent with previous findings that the anti-CD4bd Abs affect T-cell responses to epitopes in the C1, C2, and V3 regions of gp120, which are not directly involved in CD4-binding. Moreover, this mechanism provides a clear explanation as to why anti-CD4bd Abs specifically affect gp120 responses but have no effect on the responses to HIV-1 p24 and antigens of mycobacteria and cytomegalovirus (17, 18) . Another explanation for the failure of gp120-specific T cells to respond to gp120 in the presence of anti-CD4bd Abs is induction of apoptosis or anergy of gp120-specific T cells by gp120/ anti-CD4bd Ab complexes, but this mechanism is rather unlikely because previous studies showed that the gp120/anti-CD4bd Ab complexes did not affect the proliferation of gp120-specific T-cell lines to their specific peptide epitopes (18) . Nevertheless, the effects of these immune complexes on gp120-specific CD4 T cells in vivo remain to be determined.
In addition to anti-CD4bd MAbs, polyclonal serum Abs from HIV-positive subjects also render gp120 more resistant to proteolysis. The levels of anti-CD4bd Abs in the serum are associated with the capacity to interfere with gp120 proteolytic digestion and to prevent CD4 T-cell responses to gp120. It is interesting that higher anti-CD4bd Ab titers in sera of HIVpositive patients have been associated with faster progression to AIDS, while the majority of long-term nonprogressors have undetectable levels of these particular Abs (2, 3) .
Interference with steps in the antigen presentation pathways by a variety of mechanisms is a method of immune evasion described for several viruses. For example, many herpesviruses express viral proteins that interfere with antigen presentation steps in both MHC class I and class II pathways (45) . Thus, human cytomegalovirus expresses a kinase that phosphorylates its immediate-early protein; the phosphorylation of this protein prevents the generation of a MHC class I-restricted immunodominant epitope (13) . Interference with the MHC class II antigen presentation pathway has also been described for this virus: surface MHC class II expression is reduced by expression of the viral protein US2, which destroys HLA-DR␣ and DM␣ chains (41) . Similarly, HIV proteins such as vpu and nef interfere with MHC class I antigen presentation. vpu decreases MHC class I expression, possibly by targeting nascent MHC class I heavy chains for destruction in the endoplasmic reticulum (22) , while nef can remove MHC class I molecules from the cell surface and redirect them to the trans-Golgi network via the PACS-1-mediated sorting pathway (32) . The present studies provide evidence that HIV can also prevent MHC class II antigen presentation by inducing anti-CD4bd Abs that retard the requisite step of proteolytic processing of the gp120 antigen.
Induction of Abs with potent virus-neutralizing activities would seem to benefit the host. However, except for one recombinant anti-CD4bd MAb, IgG1b12, all anti-CD4bd MAbs generated thus far from cells of chronically HIV-1-infected individuals do not effectively neutralize HIV-1 clinical isolates (23) . Moreover, all of the anti-CD4bd MAbs tested in this and in previous studies hinder gp120-specific CD4 T-cell responses ( Fig. 1 and 2 and references 17 and 18) . Hence, the inhibitory rather than the protective effects of anti-CD4bd Abs may prevail during HIV-1 infection. These studies, then, reveal a novel immunopathogenic mechanism of HIV-1, in which during chronic infection the virus induces and exploits the hosts' ability to produce virus-specific Abs that are not only generally ineffective against the virus but also interfere with viral antigen presentation, weakening T-cell-mediated responses against the virus.
